Introduction. The aim of each diagnostic method is to serve as a guide in deciding about the right patient treatment. During myocardial revascularization the decision to perform revascularization is usually not easy to make, especially in case of borderline stenosis. It has been proven that it is not enough to base morphological evaluation of coronary artery vessel stenosis solely on angiography. It is necessary to include additional modern diagnostic methods for functional analysis and detailed morphological analysis using fractional flow reserve (FFR) and optical coherence tomography (OCT), respectively. Case reports. In the first case report we showed the significance of morphological analysis using OCT and proved that it was not lumen stenosis. The second and the third case reports showed the complementarity between functional analysis (FFR) and morphological analysis (OCT) of stenosis in solving a complex coronary disease. The fourth case report showed the significance of OCT in dealing with the recurrent stent restenosis. Conclusion. By these short case reports we confirmed that percutaneous coronary intervention (PCI) guided by angiography is definitely not enough in deciding about myocardial revascularization especially in patients with a complex coronary disease. In certain cases FFR and OCT procedures can be complementary methods and improve quality of revascularization, particularly in case of recurrent instent restenosis.
Introduction
Each diagnostic method serves as a guide in deciding about the right patient treatment. During myocardial revascularization the decision to perform revascularization is usually not easy to make especially in case of borderline stenosis. Accordingly, it has been proven that it is not enough to base morphological evaluation of coronary artery vessel stenosis solely on angiography. The main disadvantage of coronary angiography in estimation of lesion severity is that it is based on subjective decision grounded on the experience of the interventional cardiologist, and sometimes it is also difficult to present and analyze lesion from several different angles. So, in some cases it is necessary to include additional modern diagnostic methods, thus enabling better morphological evaluation of stenosis as well as the assessment of its hemodynamic significance 1−3 . Fractional flow reserve (FFR) is an index of physiological significance for coronary blood vessel stenosis. It is defined as the ratio of a maximal blood flow achievable in the stenotic coronary artery relative to the maximal flow in the same artery if it is normal 4 . According to current guidelines for myocardial revascularization, FFR evaluation is indicated in patients undergoing diagnostic coronary angiography without prior non-invasive functional testing in the presence of borderline lesions and also in patients with multivessel disease (Table 1) 5 .
The FAME trial pointed out the advantage of FFR when deciding on the percutaneous coronary intervention (PCI) in reference to angiography (FAME I trial) used for drug-eluting stent (DES) implantation in patients with multivessel disease 6 . Optical coherence tomography (OCT) is a catheter-based invasive imaging system. Using light rather than ultrasound, OCT produces high-resolution in vivo images of coronary arteries and deployed stents. OCT is ideally suited to accurate detection of intraluminal structures. Plaque composition, including the presence of lipid pools and intraluminal thrombi, can also be determined. Also, this is the only technique capable of providing accurate measurements of the thickness of the fibrous cap and to detect even minor cap disruptions 5, [7] [8] [9] . Clinical indications and recommendations for OCT usage, except in selected patients to optimize stent implantation, are still not completely defined (Table 1 ). It still remains unclear when it should be used in clinical practice and whether its use would significantly improve the treatment. However, recent retrospective and observational studies show that clinical outcome can be improved when PCI is performed after OCT 10, 11 . The use of invasive hemodynamic (FFR) and morphological (OCT) diagnostic procedures in Cath Labs facilitates making the right decision on myocardial revascularization. It also enables assessment whether the optimal result is achieved after the stent implantation.
Case reports

Case one
A 64-year-old male patient was admitted to the Institute of Cardiovascular Diseases of Vojvodina due to anginal discomforts, positive stress test and suspected stent restenosis.
Namely, the patient underwent PCI for two DES in the ramus interventricularis anterior (RIA) segment in 2010. He was rehospitalized in 2011 when recoronarography was performed and, due to stent restenosis, percutaneous transluminal coronary angioplasty (PTCA) was performed. Coronarography, performed again in 2014, registered previous stents and persistent stenosis immediately behind the second stent.
OCT was performed to assess the stenosis which angiographically appeared as borderline ( Figure 1 ) and to analyze previously deployed stents. OCT showed that the deployed stents were well-expanded with a mild restenosis in some segments and with a small aneurysmal dilatation as a part of the artery remodeling after stent implantation ( Figure 2 ). It also showed that it was not lumen stenosis behind the deployed stents, but a curve which probably made it angiographically appeared as stenosis (Figure 2a ). According to OCT finding there were no clear indications for PCI.
Case two
A 53-year-old male patient was admitted to the Institute of Cardiovascular Diseases of Vojvodina in 2014 as an elective for the invasive hemodynamic procedure based on positive stress test. In 2001 this patient underwent PCI with the placement of one bare-metal stent (BMS) at the proximal-medial segment of the RIA. Seven months afterwards the patient underwent recoronarography and PTCA of in-stent restenosis. In 2004 recoronarography was done again registering stent restenosis. It was followed by PTCA which gave optimal results. Due to the front wall non ST-segment elevation myocardial infarction (NSTEMI) the patient was rehospitalized again in 2011. Since it came to coronary disease progression, the patient underwent PCI of one DES distally from the previously deployed BMS. Because of the front wall STEMI induced by the restenosis in the area of BMS, the primary PCI was done in 2012 and DES was placed in RIA.
The final coronarography done in 2014 was presented in this paper. It registered several significant borderline stenoses along the RIA (Figure 3 ).
FFR analysis was done behind the distal stent giving the result of 0.65, and the repeated FFR analysis above the distal stent gave the result of 0.69. PTCA of proximal stents followed with the drug-eluting balloon (DEB). Control FFR analysis above the distal stent gave the result of 0.84, while FFR analysis below the distal stent resulted in 0.79. Therefore, a DES was implanted in that segment using the overlap technique. The final FFR of the distal area in reference to the deployed stents gave the result of 0.84 (Figure 4) .
OCT analysis of the RIA was performed afterwards showing good stent expansion (Figure 5a ) and the presence of a stable fibrous plaque with 50% stenosis, proximally from the deployed stents (Figure 5b ). Since functional and morphological tests showed insignificant stenosis, it was decided not to perform PCI.
Case three
A 54-year-old male patient was transferred to our institution from the regional hospital for the invasive hemodynamic procedure. The patient was admitted to the regional hospital due to NSTEMI of the inferolateral region which was complicated by ventricular fibrilation. At one point ventricular fibrilation (VF) was stopped with a defibrillator. The patient was transferred to our hopital after his condition was stabilized with medications. Coronarography, performed 18 days after the incident, registered occlusion in the proximal segment of ramus circumflexus (RCX) (Figure 6a ) and, angiographically significant stenosis in the proximal segment of the RIA (Figure 6b ). Figure 6c shows RCX after BMS implantation. FFR on RIA was performed giving the result of 0.90 (Figure 7a ).
To thoroughly assess stenosis and the plaque quality thought to be hemodynamically insignificant (angiographically estimated around 85%), OCT was performed. It showed that it was a stable calcified plaque with 72% stenosis, and lumen cross sectional area (CSA) stenosis of 3.54 mm 2 ( Figure 7b ). Seven days after the intervention the control stress myocardial perfusion scintigraphy (SPECT) was done showing good perfusion in the vascular area of the RIA.
Case four
A 48-year-old male patient was admitted to the hospital as an elective based on positive stress test and suspected stent restenosis. This patient underwent primary PCI in October 2012 due to STEMI of the inferolateral region and two BMS were implanted in the right coronary artery (arteria coronaria dextra -ACD). In the second act of the same hospitalization PCI was performed and one BMS was placed in the RIA and one DES in the RCX. The patient was rehospitalized again in 2013 due to anginal discomforts. Recoronarography registered in-stent occlusion in ACD, while the RIA and RCX stents were perviously without any visible significant stenoses. During PCI two DES were implanted in ACD.
The suspicion of stent restenosis led to new recoronarography (6 months after the last PCI procedure) showing no signs of disease progression in the ACS system, while 90% restenosis was registered in the ACD in the proximal and medial segment, i.e. in the area of the previously deployed stents (Figure 8) .
Balloon dilatation was performed due to restenosis in the medial segment of ACD while one DES was implanted in the proximal segment of ACD. OCT followed to check the PCI result. It showed that balloon dilatation did not give satisfactory results in certain segments (Figure 9a ). Dilatation with a larger-diameter balloon was repeated until the optimal result was achieved (Figure 9b ).
Control stress myocardial perfusion scintigraphy was performed 6 months after the last procedure because of the multiple restenoses in ACD giving a good result. It is our belief that OCT procedure helped us significantly showing that effects of balloon dilatation were not satisfactory. It resulted in repeated dilatation with a larger-diameter balloon until the optimal result was achieved.
Discussion
After coronarography it is not always easy to make decision on blood vessel revascularization. By these short case reports we pointed to the clinical use of FFR and OCT procedures as methods that enable more qualitative treatment of coronary disease in everyday practice.
Invasive functional assessment of stenosis has clearly defined its place in routine PCI procedures as was confirmed by the FAME trial. However, clear indications for the use of OCT in the everyday practice have not yet been established 6, 10 . OCT is a useful "imaging" method which enables better understanding of vascular biology of atherothrombosis and significantly assists in performing the PCI procedure 7 . Viceconte et al. 12 have shown that OCT can certainly be used when choosing a stent, as well as during stent positioning and expansion. Incomplete neointimal coverage after stenting is related to the increased risk of stent thrombosis. In their study Guagliumi et al. 13 and Finn et al. 14 and have shown that late thrombosis in a DES is related to uncovered stent struts registered by OCT.
A smaller study has shown that availability of morphological and functional data on stenosis received by FFR and OCT is of great significance especially in patients with multiple stenoses because it is impossible to decide what lesion to treat solely on FFR finding. Morphological OCT plaque analysis is significant when there exists suspicion on plaque rupture in the acute phase of coronary syndrome and FFR is not recommended 10 .
OCT use proved to be highly significant in detecting a mechanism and severity of in-stent restenosis 15 . Secco et al. 16 showed in a study on 14 patients that the use of OCT in in-stent restenosis is of great significance. It enabled the use of larger diameter cutting balloon when the initial smaller diameter cutting balloon failed to give satisfactory results. It further enabled better expansion of a later deployed DES.
Early experiences with OCT-guided implantation of biodegradable vascular scaffolds (BVS) in dealing with complex lesions were promising 17 . We expect that the guidelines for the use of OCT in clinical practice will be more accurately defined when the FORZA study data are obtained 18 . In our study we presented a small series of patients with complex coronary disease in order to show the significance of FFR and OCT use in the routine clinical practice.
In the first case report it we showed that the angiographic finding can largely depend on blood vessel anatomy. Only after the OCT procedure performance it was clear that there were no stenosis but a blood vessel curve. Therefore, there was no need to perform FFR and PCI as was first considered during coronarography.
The third case report showed that it was not enough to base the decision on revascularization solely on angiography, although there had been angiographically registered 85% stenosis estimated by the experience of several interventional cardiologists, cardiac surgeons and computer programs (Radiant Dicom viewer and Microdicom).
After performing FFR we determined that it was not hemodynamically significant stenosis on the RIA, but we were not able to claim with certainty that it was a stable plaque until OCT was performed. After RCX recanalization we decided not to repeat FFR in the RIA because the result of intial measurement was 0.90, if the FFR result was below 0.90 we would have repeated FFR procedure. Based on our more than 10-year experience we do not repeat FFR in such cases. However, to be sure that RIA stenosis is insignificant we used other method as a control, so a week after the PCI procedure the patient underwent control SPECT which showed good perfusion in the vascular area of the RIA.
In the two reported patients there was recurrent stent restenosis. Using OCT we managed to perform satisfying balloon dilatation and stent implantation as well as to check afterwards whether the deployed stents were well-expanded, i.e. to exclude stent malposition. We believe that this precisely plays the crucial role in the prevention of new restenosis after DES implantation.
Conclusion
By these short case reports we confirmed that PCI guided by angiography is definitely not enough to decide on blood vessel revascularization especially in patients with a complex coronary disease.
In certain cases FFR and OCT procedures can be complementary methods and can improve the quality of revascularization, particularly in case of recurrent in-stent restenosis.
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